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We report Atacama Large Millimetre/submillimeter Array (ALMA) Cycle-5 follow-up observations of two candidate
[C ii] emitters at z ≈ 6 in the ALMA deep field in SSA 22 (ADF22). The candidates were detected blindly in a Cycle-2
ALMA survey covering ≈ 5 arcmin2, with a single tuning, along with two CO lines associated with galaxies at lower
redshifts. Various tests suggested at least one of the two ≥ 6-σ [C ii] candidates should be robust (Hayatsu et al.
2017). Nevertheless, our new, deeper observations recover neither candidate, demonstrating a higher contamination
rate than expected. The cause of the spurious detections is under investigation but at present it remains unclear.
OBSERVATION AND ANALYSIS
The data – from Cycles 2 and 5 – were analysed using Common Astronomy Software Application (casa) version
5.1.1 (McMullin et al. 2007). There were no significant differences between the new reduction and the original Hayatsu
et al. (2017) calibration using version 4.3.1.
Cycle-2 Observations: ADF22 was observed in ALMA band 6 in 2014 June and 2015 April (2013.1.00162.S, PI:
H. Umehata) using 33–36 12-m antennas in the C34-2 and C34-4 configurations with a precipitable water vapour
(PWV) of 0.3–1.3 mm. The observations consisted of nine execution blocks and 103 pointings, with a typical on-source
time per pointing of 4.5 min. The correlator used time division mode (TDM), yielding four 1.875-GHz spectral windows
(SPWs) with central frequencies of 254, 256, 270 and 272 GHz, as detailed in Umehata et al. (2017).
The blind line search described in Hayatsu et al. (2017) resulted in the detection of two emission lines, at 253.79
and 269.92 GHz, with J2000 positions: (RA, Dec) = (22h17m37.43s, +00◦17′10′′.7) and (22h17m31.95s, +00◦18′20′′.3),
respectively. The lines were seen in two independent subsets of the data (Hayatsu et al. 2017). The median r.m.s.
values in the ‘dirty’ (uncleaned) cube were around 0.8 mJy beam−1 at the original spectral resolution, ≈ 36 km s−1. A
known continuum source, ADF22.4, was detected with consistent positions and flux densities in the same pointing as
ADF22-LineA (Umehata et al. 2017), in both Cycles 2 and 5.
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Figure 1. Spectra of the ADF22-LineA (left) and ADF22-LineB (right) from the Cycle-2 (top) and Cycle-5 (bottom) observa-
tions, at a velocity resolution of ≈ 36 km s−1. The green dashed line shows the atmospheric transmission (right axis) and the red
dotted line shows the r.m.s. noise. The emission lines seen in the Cycle-2 data are not recovered by the Cycle-5 observations.
Cycle-5 Observations: Observations to confirm the blind detections of the two [C ii] emission-line candidates were
undertaken in 2017 April (2017.1.00602.S, PI: N. H. Hayatsu) in array configuration, C43-3, where the PWV was
1.4 mm. On-source integration times were ≈ 11 min, and using frequency division mode (FDM), with 4 × 1920 dual-
polarisation channels over a bandwidth of 7.5 GHz, with four 1.875-GHz SPWs. Single fields centred on the targets
were observed at frequencies of 251.284 and 261.183 GHz for ADF22-LineA and ADF22-LineB, respectively.
The median noise value is ≈ 0.77 mJy beam−1 at ≈ 36 km s−1 spectral resolution for both datasets, similar to the
Cycle-2 data; the angular resolution was around 1′′.0× 0′′.6.
RESULTS AND DISCUSSION
Comparison of data from Cycles 2 and 5
Fig. 1 shows the Cycle-2 and 5 spectra of the line candidates, with a velocity resolution of 36 km s−1. We also
plot atmospheric transmission and r.m.s. noise. Within the ≈ 200-km s−1 velocity range around the line centres, the
emission-line features seen in Cycle-2 are not reproduced in our Cycle-5 observations.
From our Cycle-5 data we conclude that the emission-line candidates reported by Hayatsu et al. (2017) were spurious;
we cannot fully rule out the possibility of a transient line emitter, although the consistent detections in subsets
of the data from 2014 and 2015 make a transient line emitter unlikely. Likely the smoothing used in our earlier
work enhanced non-Gaussian noise and caused an under-estimate of the contamination rate. Further discussion
regarding the false detection rate and completeness in ALMA data, using mock observational data, will be described
in Hayatsu et al. (in prep). The Cycle-2 data are undergoing a stage-3 quality-assurance process (QA3) to search for
technical issues with the data.
Implications for the [C ii] luminosity function
Our failure to recover either of the [C ii] candidates allows us to set upper limits on the [C ii] luminosities, L[CII], of
3σ < 2× 108 L.
The resulting limit on the [C ii] luminosity function (LF), together with the lower limit from Swinbank et al. (2012)
and the estimate for the local Universe from Hemmati et al. (2017), means the LF can evolve by 2–3× from z = 0–6;
it cannot evolve by more than 10×.
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